Abstract
Introduction
The relationship between financial development and energy consumption has attracted considerable attention in recent years. Currently, there exist four views on the relationship between financial development and energy consumption. The first view argues that there is a unidirectional causal flow from financial development to energy consumption. The second view is in favour of the energy-led financial development hypothesis. This view maintains that it is energy consumption that drives financial development. In contrast to the first two views, the third view takes a middle-ground stance. This view argues in favour of a bidirectional relationship between these two variables. It argues that both financial development and energy consumption Granger-cause each other. Although the majority of the previous studies on this subject are in favour of finance-led energy consumption, energy-led financial development, or a bidirectional causal relationship between energy and financial development, there are a few studies that support a neutrality hypothesis, which posits that there is no causal relationship between financial development and energy consumption.
Unfortunately, the majority of the empirical studies that have been conducted on the relationship between financial development and energy consumption are mainly concentrated in the Asian and Latin-American countries. Very few empirical studies on this subject exist for the sub-Saharan African countries. The current study, therefore, attempts to examine the causal relationship between financial development and energy consumption in South Africa during the period 1980--2011. In order to address the omission of variable bias, the study has included economic growth as an intermittent variable between financial development and energy consumption -thereby leading to a trivariate causality model. Unlike some previous studies, this study uses three proxies for financial development: i) domestic credit to the private sector as a percentage of GDP as a proxy for financial institutions' depth; ii) bank credit to bank deposits as a proxy for financial institutions' stability; and iii) bank lending-deposit spread as a proxy for financial institutions' efficiency.
The rest of the paper is organised as follows: Section 2 gives an overview of financial development and energy consumption in South Africa; while Section 3 gives a summary of the empirical literature on the relationship between financial development and energy consumption from both developing and developed countries. Section 4 presents the empirical model specification, estimation techniques, and empirical analysis; and Section 5 concludes the study.
An overview of financial development and energy consumption in South Africa
South Africa's financial sector is considered to have one of the most developed and sophisticated financial systems, not only by the standards of African countries, but also by the standards of emerging economies. For example, the Johannesburg Stock Exchange (JSE), which was formed in 1887, is currently ranked as the 18 th largest stock exchange in the world in terms of market capitalization (see Bureau of Africa Affairs, April, 2000) . The South African
Reserve bank is also considered to be independent; and it operates in the same way as do On the energy front, it is worth noting that South Africa is considered to be the largest electricity producer and consumer in Africa (see Odhiambo, 2009) . According to the current estates, more than half of the electricity generated in Africa comes from South Africa. Eskom, which supplies approximately 96% of South Africa's electricity, also supplies more than 45% of Africa's electricity. Some of the importers of South Africa's electricity include Swaziland, Botswana, Mozambique, Lesotho, Namibia, Zambia and Zimbabwe.
Although Eskom is currently exploring various forms of energy sources, in order to expand its current plant mix, coal-fired base load power stations, which use coal as their energy source, remain the largest portion of its plant mix. Given the fact that South Africa is one of the largest coal producers in the world, this trend is likely to continue for some time. In fact, South Africa is currently ranked as the seventh largest producer of coal in the world (IEA, 2014) . Other leading coal producers include China, which ranked no. 1; the USA, which is ranked no. 2; India, which is ranked no. 3; Indonesia, which is ranked no. 4; Australia, which is ranked no. 
Literature review
Various empirical studies have examined the direction of causality between energy consumption and financial development, but with conflicting findings. These studies can be divided into four groups. The first group of studies argues that there is unidirectional causal flow from financial development to energy consumption. Studies whose findings are consistent with this view include Sadorsky (2010) , Ozturk and Acaravci (2013) , and Mudakkar et al. Unlike the first three groups, the fourth group argues in favour of the neutrality hypothesis, which postulates that there is no causal relationship in either direction between financial development and energy consumption. This view, though unpopular, has been supported by studies such as Dritsaki and Dritsaki (2014) and Shahbaz et al. (2013) Table 2 summarizes the literature on the causal link between energy consumption and financial development. 
Estimation techniques and empirical analysis

Estimation techniques
In order to overcome the traditional weaknesses associated with many cointegration techniques, the current study uses the recently introduced ARDL-bounds testing approach to examine the long-run relationship among energy consumption, financial development proxies, and economic growth. The ARDL-bounds testing approach -based on Perasan and Shin 
where: 1) DCPS = domestic credit to private sector as a % of GDP -a proxy for financial institutions' depth;
2) BC = bank credit as a % of bank deposits -a proxy for financial institutions' stability;
3) BSPREAD = bank lending-deposit spread -a proxy for financial institutions' efficiency; 4) y = Real GDP 3) EC = Energy consumption
 , it  = white-noise error terms; and 5) Δ = first difference operator.
As explained in Pesaran et al. (2001) , the bounds test for the long-run relationship between the various proxies for financial development, energy consumption, and economic growth can be conducted by using the joint F-statistic (or Wald statistic) for cointegration analysis. This involves testing the null hypothesis of no cointegration against the alternative hypothesis. Two sets of critical values have been recommended by Pesaran and Pesaran (1997) and Pesaran et al. (2001) for a given significance level. The first set assumes that all the variables included in the ARDL model are I(0), while the second set assumes that the variables are I(1). If the computed test statistic exceeds the upper critical-bounds value, then the existence of a cointegration relationship among the studied variables is accepted. However, if the F-statistic falls below the lower bounds value, then the null hypothesis of no cointegration cannot be rejected. However, if the computed test statistic falls between the bounds, then the cointegration test is said to be inconclusive (see also Odhiambo, 2009; .
In order to examine the causality between financial development and energy consumption, we employ a dynamic multivariate-causality model. We incorporate economic growth (proxied by real GDP per capita) as an intermittent variable between financial development and energy consumption. We also adopt an error-correction (ECM) based Granger causality model --in order to capture both the short-run and long-run causal relationships. Our ECM-based multivariate Granger-causality model can, therefore, be expressed as follows: 
where: ECM t-1 is the error correction term lagged one period; and  ,  and  are mutually uncorrelated white-noise residuals.
While the F-statistics are expected to determine the short-run causal effects, the coefficients of the error-correction terms are supposed to determine the long-run causal relationships. It is, however, worth noting that even though the error-correction term has been included in all the three equations, only those equations where cointegration is found to exist will be tested with the ECM term. Annual time-series data, which cover the period 1980-2013, are utilised in this study.
Empirical analysis
Stationarity test
Although the ARDL-bounds testing approach does not require that variables to be integrated of the same order, it is not applicable if the variables are integrated of order two [I(2)] or higher.
For this reason, it is vital to conduct a unit-root test in order to ensure that the variables are not integrated of order two [I(2)] or higher. The results of the stationarity tests (not reported here)
show that all variables included in Models 1, 2 and 3 are non-stationary in levels. Since the variables are non-stationary in levels, the next step is to test for the stationarity on differenced variables. The results of the stationarity tests on differenced variables are reported in Tables 3   and 4 . 1) The truncation lag is based on Newey and West (1987) bandwidth 2) *** denotes statistical significance at the 1% level. The results reported in Tables 3 and 4 show that all variables included in Models 1, 2 and 3 are integrated of order one [I(1)], and not of order two(2) or higher. This implies that the ARDLbounds testing approach as proposed by Pesaran and Pesaran (1997) and Pesaran et al. (2001) can be used.
Cointegration results
Having confirmed that all the variables included in the causality test are integrated of order one, the next step is to test for the existence of a cointegration relationship among the proxies of financial development, energy consumption, and economic growth. The results of the bounds test are reported in Table 5 . Note: *, ** and *** denote statistical significance at the 10%, 5% and 1% levels, respectively
The results reported in Table 5 show that the calculated F-statistic is higher than the upperbound critical value in InENC equation in Model 1, InENC and Iny in the case of Model 2 and InENC and In BSPREAD in the case of Model 3. These results, therefore, confirm the existence of a cointegrating relationship among the financial development, energy consumption and economic growth in South Africa, irrespective of the proxy used to measure the level of financial development (i.e., whether the DCPS, the BC, or the BSPREAD is used as a proxy).
The results also suggest the existence of causality in at least one direction among the variables employed in this study.
Analysis of causality test based on the error-correction model
The results of cointegration show that there is a long-run relationship among financial development, energy consumption, and economic growth in South Africa. This means that we can perform the ECM-based causality test -by including ECM in the cointegrating equations.
The results of the ECM-based causality are reported in Table 6 . The results of the Granger-causality model reported in Table 6 show that there is a distinct unidirectional causal flow from financial development to energy consumption in South Africa when InDCPS, InBC and InBSPREAD) are used as proxies of financial development. These results apply irrespective of whether the causality is conducted in the short run or in the long run. The short-run causality in this case is supported by the corresponding F-statistics in Models 1, 2 and 3, which have been found to be statistically significant in the InENC equations, but not in the InDCPS, InBC and InBSPREAD equations. The long-run causality, on the other hand, is supported by the coefficients of the ECM in InENC equations in Models 1, 2 and 3, which have been found to be negative (as expected) and statistically significant. This shows that financial development Granger-causes energy consumption in South Africa -both in the short run and in the long run. This finding is robust across all the three proxies used in this study.
Other results show that: i) There is a long-run unidirectional causality from economic growth to energy consumption; and ii) There is a unidirectional causality from economic growth to financial development when bank lending-deposit interest rates spread is used as a proxy for financial development.
Conclusion
The current study attempts to examine the causal relationship between financial development and energy consumption in South Africa during the period 1980-2013. Currently, there exist four views on the relationship between financial development and energy consumption. The first view argues that there is a unidirectional causal flow from financial development to energy consumption. The second view is in favour of the energy-led financial development hypothesis.
This view maintains that it is energy consumption that drives financial development. The third view, however, takes a middle-ground stance, which supports a bidirectional relationship between these two variables. Unlike the first three views, the fourth view supports a neutrality hypothesis, which posits that there is no causal relationship between financial development and energy consumption. Unfortunately, the majority of the empirical studies that have been conducted on the relationship between financial development and energy consumption are mainly concentrated in the Asian and Latin-American countries. Very few empirical studies on this subject exist for the sub-Saharan African countries. Unlike some previous studies, this study uses three proxies for financial development: i) domestic credit to the private sector as a percentage of GDP as a proxy for financial institutions' depth; ii) bank credit to bank deposits as a proxy for financial institutions' stability; and iii) bank lending-deposit spread as a proxy for financial institutions' efficiency. Using the ARDL-bounds testing approach to cointegration and the ECM-based Granger causality test, the study found that there is a distinct long-run unidirectional causal flow from financial development to energy consumption in South Africa.
This applied -irrespective of which proxy had been used to measure the level of financial development. This finding is not surprising given the level of financial development in South Africa. The study, therefore, reiterates the need for South Africa to explore affordable energymix in order to cope with the increased finance-led energy demand. Other results show that there is a long-run unidirectional causality from economic growth to energy consumption, and there is a unidirectional causality from economic growth to financial development when bank lending-deposit interest rates spread is used as a proxy for financial development.
